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TITLE OF THE INVENTION 



Gated Power for a Satellite Hopped Downlink with 



Multiple Payloads Per Frame 



5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to TRW Docket No. 22- 
0 006, titled "Gated Power Time Division Downlink for a 
Processing Satellite", filed March 16, 1999 as Serial 
No. 09/270,361. 

10 

BACKGROUND OF THE INVENTION 

The present invention relates to satellite 
communications systems. In particular, the present 
invention relates to downlink beam power gating 
15 techniques particularly adapted to beam hopped 
multiple payload frame structures. 

Satellites have long been used to provide 
communications capabilities on a global scale. Since 
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the inception of the modern communications satellite, 
however, one factor has remained constant: the limited 
availability of power on board the satellite. The 
limited availability of power persists today even in 
5 the face of tremendous advances in satellite 
technology. 

Major drains on satellite power include the 
communications reception equipment used to receive the 
uplink and the transmission equipment used to generate 

10 the downlink. The transmission equipment in 

particular often requires 5 0% or more of the total 
power generated by a satellite. Furthermore, downlink 
power amplifiers are far from 100% efficient and 
therefore waste power whenever they are active. 

15 Any undue drain on satellite power is 

undesirable. Thus, for instance, limitations on 
satellite power may prevent a satellite from encoding 
and decoding heavier and more error protective coding 
techniques. As another example, limited satellite 

20 power may reduce the number and type of observational 
or sensing functions which a satellite may perform. 
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In addition, as satellite technology has 
progressed, it has become more common for satellites 
to process their uplinks. In other words, the 

satellite may decode, process, route, queue, and 
5 otherwise manipulate data before receding and 
packaging the data into downlink frames. Thus, the 
utilization of the downlink depends on the amount of 
data ready and waiting to be transmitted. 
Transmitting partially empty frames can be a waste of 

10 power, and can have detrimental impacts on the 
satellite performance through unnecessary servicing of 
queues, for example. 

A need has long existed in the industry for a 
gated power time division downlink that addresses the 

15 problems noted above and others previously 
experienced . 



BRIEF SUMMARY OF THE INVENTION 

A preferred embodiment of the present invention 
20 provides a method for power gating a downlink beam 
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frame signal. The method includes the steps of 
transmitting, to form a single multiple payload frame, 
at least a first header signal, a first payload 
signal, a second header signal, and a second payload 
5 signal. When power gating is active, the method 
removes power from at least one of the first header 
signal and first payload signal in combination, and 
the second header signal and second payload signal in 
combination. The method for power gating may be 

10 extended to an N header N payload frame. 

As an example, the method may also hop the 
downlink beam frame signal between at least two 
terrestrial cells. Then, power gating may be 

activated based in part on the terrestrial cell to 

15 which the downlink beam frame signal is currently 
hopped. In certain embodiments, the decision to power 
gate may be also based on a statistical multiplexing 
estimate of downlink frame utilization. As one 
example, when the downlink is expected to be 9 0% fully 

2 0 utilized, then power gating may occur for up to 10% of 
all frames. Power gating may also be performed in 
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order to maintain at least one data queue 
approximately at preselected occupancy level on 
average, or when too few cells are available to fill a 
frame or payload. 
5 Another preferred embodiment of the present 

invention provides a power gating module for a 
downlink beam frame signal. The power gating module 
includes a power amplifier for amplifying, for 
transmission, frame signals that include at least a 

10 first header signal, a first payload signal, a second 
header signal, and a second payload signal. The power 
gating module further includes a power gating circuit 
coupled to the power amplifier. The power gating 
circuit includes a power gate input and is responsive 

15 to a power gating signal to remove power from at least 
one of the first header signal and first payload 
signal in combination, and the second header signal 
and second payload signal in combination before 
amplification by the power amplifier. 



20 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a block diagram of a power 
gating module. 

Figure 2 shows a detailed block diagram of a 
5 power gating module. 

Figure 3 shows a modulator implementation that 
supports power gating. 

Figure 4 shows a multiple payload frame signal 
with exemplary power gating control signals. 

10 Figure 5 illustrates operational steps that 

occur before and after power gating a beam hopping 
multiple payload frame signal. 



DETAILED DESCRIPTION OF THE INVENTION 

15 Turning now to Figure 1, that figure shows a 

block diagram of a power gating module 100 that also 
functions, in general, to generate downlink frame 
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waveforms. The power gating module 100 includes a 
controller 102 and a waveform processing chain that 
operates on data provided by the data source 104 
(which may be a data memory divided organized by data 
5 queues, for example) . In particular, the waveform 
processing chain includes a waveform generator 106, a 
power amplifier 108, and a switch 110. The waveform 
processing chain further includes a first feed path 
112 and a second feed path 114. 

10 The first feed path 112 and the second feed path 

114 may, for example, connect to individual antenna 
feed horns to direct spot beam coverage to distinct 
terrestrial cells. The feed paths 112-114 may also be 
characterized by a polarization effect on the waveform 

15 that propagates along the feed paths 112-114, 
including clockwise or counter-clockwise polarization. 

The waveform generator 10 6 accepts baseband data 
from the data source 104 and creates a waveform to be 
transmitted (after amplification by the power 
2 0 amplifier 108) . The switch 110 selects the particular 
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feed path 112-114 along which the waveform propagates 
(and thus, in certain embodiments, the polarization 
and/or hop location associated with the waveform) . 

The controller 102 exercises beam hopping and 
5 power gating control over the waveform to be 
transmitted. Thus, the controller 102 may output a 
power gating signal that is active when selected 
downlink frame signals are to be power gated. More 
particularly, as explained below, the controller 102 
10 may power gate one or more header signals, payload 
signals, and flush signals based in part on the 
current hop location for a downlink beam and other 
criteria. 

With regard to Figure 2, a more specific 
15 implementation of a power gating module 2 00 is shown. 
The power gating module 2 00 includes a data scheduler 
2 02, a data router 2 04, and a waveform processing 
chain including a QPSK modulator 2 06, an upconverter 
2 08, and a traveling wave tube amplifier (TWTA) 210. 
2 0 The switch 110 is illustrated in Figure 2 as a ferrite 
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switch 110 that directs the waveform to be transmitted 
through either the first feed path 112 or the second 
feed path 114. 

Figure 2 also shows a control output 216 (that 
5 may used to carry, as examples, a power gating signal 
and a beam hopping selection signal), two frequency 
selection inputs 218 and 22 0 for the modulator 2 06 and 
the upconverter 2 08, a feed path selection input 222, 
and an intermediate waveform output 224 from the 

10 modulator. Preferably, additional ferrite switches 212 
and 214 in the feed paths 112, 114 provide additional 
signal isolation {e.g., approximately 20db between 
input and output when the ferrite switch is off) . In 
other words, the additional ferrite switches 212, 214 

15 operate in response to the control output 216 to pass 
or block a waveform to be transmitted through the feed 
paths 112, 114. In other words, when the waveform to 
be transmitted is destined for the feed 112, then the 
ferrite switch 214 is coupled through the load 22 8 to 

2 0 ground. Similarly, when the waveform to be 
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transmitted is destined for the feed 114, then the 
ferrite switch 212 is coupled through the load 22 6 to 
ground. 

During operation, the power gating module 2 00 
5 accepts baseband data from the router 204 (e.g., an 
ATM cell router) , and creates a waveform to be 
transmitted using the waveform processing chain. The 
waveform processing starts by directly converting 
baseband I and Q data to an intermediate frequency of, 

10 for example, 750 MHz. The waveform processing then 
selects one of Fl (e.g., 3.175 MHz) and F2 (e.g., 
3.425) and one of F3 (e.g., 16 GHz) and F4 (e.g., 17.4 
GHz) to produce a waveform to be transmitted with a 
final center frequency at one of 18.425 GHz, 18.675 

15 GHz, 19.825 GHz, and 20.075 GHz. The scheduler 202 
monitors the propagation of data through the waveform 
processing chain and determines when certain frame 
signals should be power gated. To that end, the 
scheduler 2 02 provides a power gating signal on the 
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control output 216 that is active when power gating is 
to occur. 

The TWTA 210 amplifies the waveform to be 
transmitted, while the switch 110 determines along 
which feed path 112-114 (or additional feed paths) the 
amplified waveform will propagate. For this reason, 
the switch 110 includes the feed path selection input 
222 responsive to information on the control output 
216. Because the feed paths 112-114 are generally 
(though not necessarily) associated with feed horns 
that produce spot beams in geographically distinct 
terrestrial cells, the feed path selection input acts 
to determine the hop location of downlink frames. Thus 
downlink manifests itself as a beam spot that, 
typically, provides bandwidth for multiple terrestrial 
cells by hopping between them. The hop locations below 
are designated Even or Odd, but are not restricted to 
even or odd frames. Instead Even and Odd generally 
designate mutually exclusive time periods. 
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Turning next to Figure 3, that figure shows an 
implementation of the modulator 2 06 that supports 
power gating. Inphase data is supplied to the 

Inphase gate 3 02 while Quadrature data is supplied to 
5 the Quadrature gate 304. As illustrated, the Inphase 
and Quadrature gates 3 02, 3 04 are D flip flops with 
reset inputs. The Inphase and Quadrature gates 3 02, 
3 04 feed a digital modulator core 3 06 that produces a 
modulated waveform on a modulator output 308. A local 

10 oscillator (LO) signal (preferably 750 MHz) provides 
an intermediate frequency carrier signal. The 
amplifier 310 boosts the modulated waveform, after 
which it is filtered by the bandpass filter 312. The 
bandpass filter 312 preferably has a passband centered 

15 at 750 MHz, for example, from 625 to 875 MHz. 

A data clock 314 that preferably runs at 196.7 
MHz drives the Inphase and Quadrature gates 304, 304. 
Note that a power gate input 316 connects to the 
Inphase and Quadrature gates 3 02, 3 04, as well as to 
2 0 the gating control input 318 of the digital modulator 
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core 306. When an active power gating signal is 
present on the power gate input 315, the Inphase and 
Quadrature gates 3 02, 3 04 have their outputs held in a 
known state (e.g., both 0). Furthermore, the digital 
5 modulator core 3 06 outputs a signal with frequency 
content outside of the passband of the bandpass filter 
312. 

For example, the digital modulator core 3 06 may 
output a DC signal in response to the active power 
10 gating signal. As a result, the bandpass filter 
eliminates the DC signal. A power gated signal 
results . 

Returning to Figure 2, the upconverter 208 (e.g., 
a 20 GHz mixer) ordinarily outputs a fully upconverted 

15 signal for amplification and transmission. However, 
the absence of energy in the power gated signal causes 
the upconverter to produce substantially no signal at 
its output during power gating. As a result, the TWTA 
210 does not expend amplification energy, and 

2 0 substantially no downlink energy is present in the 
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downlink beam while the power gating signal is active. 
In other words, the DC power consumption of the TWTA 
210 is reduced by substantially eliminating radiated 
power . 

5 Turning next to Figure 4, that figure presents a 

timing diagram 400 that illustrates a multiple payload 
frame signal 402 and power gating signals 404, 40 6, 
408, 410, 412, 414, 416 {assumed active when high). 
As an example, the frame signal 4 02 may include a 3 68 

10 symbol first header signal 418, a 7552 symbol first 
payload signal 42 0, a first 16 symbol flush signal 
422, a 96 symbol second header signal 424, a 7552 
symbol second payload signal 42 6, and a second 16 
symbol flush signal 428. In general, however, the 

15 frame signal 402 may include N headers and N payloads 
independently subject to power gating. 

The power gating signal 404 never goes active 
during the frame signal 402. Thus, none of the frame 
signals 418-42 8 are power gated. As a result, both 
2 0 first and second header signals 418, 424 and both 
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first and second payload signals 420, 426 are 
delivered to the ground. In contrast note that the 
power gating signal 416 is active across the entire 
frame signal 402. Thus, substantially no energy is 
5 provided in the downlink beam over the time during 
which the frame signal 402 would be transmitted. 

On the other hand, the power gating signal 406 
goes active during the second payload signal 42 6 and 
the second flush signal 428, Thus, the frame signal 

10 402 continues to bear important overhead information 
in the first and second header signals 418, 424. The 
overhead information may include, for example, 
synchronization bits, beam hopping location 
identifiers, frame coding identifiers, frame counts, 

15 and the like. 

The overhead information may further include 
power gating bit patterns that indicate to a ground 
receiver which frame signals are power gated. As an 
example, the first header signal 418 or second header 
2 0 signal 424 may include a frame type field that carries 
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repetitions of the bit pattern 10100101 to indicate 
power gating of the first payload signal 42 0 or second 
payload signal 426, or repetitions of the bit pattern 
11110000 to indicate power gating of the entire frame 
5 signal 402. In particular, bit patterns may be 
assigned to identify any combination of header, 
payload, and flush signal power gating. Note also 
that a ground receiver may deactivate its own 
receivers in response to the bit patterns to save 
10 power during power gated sections of the frame signal. 

Still with reference to Figure 4, the power 
gating signal 410 results in power gating of the first 
and second payload and flush signals 42 0, 422, 426, 
428. Similarly, the power gating signal 412 results 
15 in power gating of the first payload signal 420 and 
the first flush signal 422. 

Because the multiple payload frame signal 402 
includes multiple headers, each preferably bearing 
synchronization information, additional power gating 
2 0 options are available. Thus, for example, the power 
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gating signal 408 power gates the second header signal 
424, second payload signal 42 6, and the second flush 
symbols 428. Synchronization is nevertheless provided 
by the first header signal 418. Similarly, the power 
5 gating signal 414 power gates all the frame signals 
except for the first header signal 418. 

The scheduler 2 02 may include logic to assert the 
power gating signal under many scenarios. For 
example, when the satellite moves into eclipse and 

10 less power is available, the scheduler 202 may power 
gate every other complete frame, every other payload, 
or any combination of frame signals to achieve a 
desired power reduction. As another example, the 
scheduler 2 02 may activate the power gating signal in 

15 response to a statistical multiplexing estimate of 
downlink beam utilization. As an example, if the 
downlink beam is estimated to be 9 0% utilized during a 
certain time period, then the scheduler 202 may power 
gate up to 10% of the frames or payloads . Such 
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estimates may be uplinked to the satellite or 
generated onboard . 

As another example, the scheduler 2 02 may 
determine when to activate power gating based on the 
5 current terrestrial cell hop location of the downlink 
beam. Thus, scheduler 2 02 may power gate the second 
payload signal 42 5 if the bandwidth requirements of 
the current terrestrial cell are met by the first 
payload signal 42 0 alone. As yet another example, the 

10 scheduler 2 02 may power gate based on data queues 
present in the router 204. For example, a data queue 
from which ATM data cells are extracted to fill the 
second payload signal 42 6 may consistently have too 
few cells to completely fill the second payload signal 

15 426. In response, the scheduler 202 may power gate 
the second payload signal 42 6 periodically in order to 
maintain the data queue approximately at preselected 
occupancy level, on average. In addition, an entire 
frame may be power gated when too few cells exist to 

2 0 fill one or more payloads in the frame. 



TRW Docket No, 22-0127 



- 19 - 

Alternatively, only a selected one of the payloads may 
be power gated in such a case in order to maintain a 
selected minimum throughput. 

Turning next to Figure 5, that figure shows a 
5 flow diagram 500 of the operational steps that occur 
before and after power gating. The operational steps 
include hopping 502 a downlink beam between at least 
two terrestrial cells. At step 504, queue statistics 
and traffic statistics are monitored and statistical 
10 multiplexing estimates of downlink utilization are 
obtained. At step 506, power gating is activated 
based on, as examples, beam hop locations, power 
saving goals, queue statistics and traffic statistics, 
and the like. 

15 Continuing at step 508, one or more header 

signals, payload signals, and flush signals may be 
power gated. Thus, at step 510, a frame signal is 
transmitted in which at least one header signal, 
payload signal, or flush signal may have substantially 

2 0 no energy in the downlink beam. 
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Thus, the present invention provides selective 
power gating of frame signals in a beam hopped 
multiple payload downlink frame. The power gating may 
be responsive to many diverse criteria including power 
5 saving goals, queue statistics and traffic statistics, 
statistical multiplexing estimates, and terrestrial 
beam hop location. More efficient use of the 
downlink, satellite power, and satellite processing 
resources result. 

10 While the invention has been described with 

reference to a preferred embodiment, those skilled in 
the art will understand that various changes may be 
made and equivalents may be substituted without 
departing from the scope of the invention. In 

15 addition, many modifications may be made to adapt a 
particular step, structure, or material to the 
teachings of the invention without departing from its 
scope. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed. 
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but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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What is claimed is: 



1 1. A method for power gating a downlink beam 

2 frame signal, the method comprising: 

3 transmitting, to form a single frame, at least a 

4 first header signal, a first payload signal, a second 

5 header signal, and a second payload signal; 

6 when a power gating signal is active, removing RF 

7 power from at least one of the first header signal and 

8 first payload signal in combination, and the second 

9 header signal and second payload signal in 
10 combination, thereby reducing DC power consumption. 

1 2. The method of claim 1, further comprising 

2 hopping the downlink beam frame signal between at 

3 least two terrestrial cells. 

1 3. The method of claim 2, further comprising 

2 the step of activating the power gating signal based 

3 on the terrestrial cell to which the downlink beam 

4 frame signal is currently hopped. 
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1 4. The method of claim 1, further comprising 

2 the step of activating the power gating signal based 

3 on a statistical multiplexing estimate of downlink 

4 frame utilization. 

1 5. The method of claim 1, further comprising 

2 the step of activating the power gating signal in 

3 order to maintain at least one data queue on average 

4 approximately at preselected occupancy level. 

1 6. The method of claim 1, further comprising 

2 the step of transmitting a first flush signal and a 

3 second flush signal, and wherein removing power 

4 comprises removing power from at least one of the 

5 first header signal, first payload signal, and first 

6 flush signal in combination, and the second header 

7 signal, second payload signal, and second flush signal 

8 in combination. 

1 7. The method of claim 1, wherein removing 

2 power for the first header signal, the first payload 

3 signal, the second header signal, and the second 

4 payload signal. 
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1 8. The method of claim 1, wherein removing 

2 power comprises removing power from the first payload 

3 signal, the second header signal, and the second 

4 payload signal. 

1 9. The method of claim 1, wherein removing 

2 power comprises removing power from the first header 

3 signal, the first payload signal, and the second 

4 payload signal. 

1 10. The method of claim 1, wherein transmitting 

2 comprises transmitting to form a single frame a first 

3 header signal, a first payload signal, a second header 

4 signal, a second payload signal, at least one 

5 additional header signal, and at least one additional 

6 payload signal; 

7 when the power gating signal is active, removing 

8 power from at least one of the first header signal and 

9 first payload signal in combination, the second header 

10 signal and second payload signal in combination, and 

11 the additional header signal and the additional 

12 payload signal in combination. 
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1 11. A power gating module for power gating a 

2 downlink beam frame signal, the power gating module 

3 comprising: 

4 a power amplifier for amplifying for transmission 

5 frame signals including at least a first header 
5 signal, a first payload signal, a second header 

7 signal, and a second payload signal; 

8 a power gating circuit coupled to the power 

9 amplifier, the power gating circuit including a power 

10 gate input and responsive to a power gating signal to 

11 remove power from at least one of the first header 

12 signal and first payload signal in combination, and 

13 the second header signal and second payload signal in 

14 combination before amplification by the power 

15 amplifier. 

1 12, The power gating module of claim 11, wherein 

2 the power gating circuit comprises a digital modulator 

3 with a gating control input connected to the power 

4 gate input and a bandpass filter with a predetermined 

5 passband coupled to a modulator output of the digital 

6 modulator. 
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1 13. The power gating module of claim 12, wherein 

2 the digital modulator outputs a modulated signal with 

3 frequency content outside the passband in response to 

4 the power gating signal. 

1 14. The power gating module of claim 13, wherein 

2 the frequency content is substantially DC frequency 

3 content. 

1 15. The power gating module of claim 12, wherein 

2 the digital modulator is a QPSK modulator and further 

3 comprising an Inphase gate and a Quadrature gate 

4 coupled to the digital modulator. 

1 16. The power gating module of claim 15, wherein 

2 the Inphase gate and the Quadrature gate are held in a 

3 known output state in response to the power gating 

4 signal. 

1 17. The power gating module of claim 11, wherein 

2 the power gating signal is active during the first 

3 header signal, the first payload signal, the second 

4 header signal, and the second payload signal. 
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1 18. The power gating module of claim 11, wherein 

2 the power gating signal is active during the first 

3 payload signal, the second header signal, and the 

4 second payload signal. 

1 19. The power gating module of claim 11, wherein 

2 the power gating signal is active during the first 

3 header signal, the first payload signal, and the 

4 second payload signal. 

1 20. The power gating module of claim 11, 

2 comprising: 

3 a switch coupled to the power amplifier, the 

4 switch including a feed path selection input; 

5 a first feed path coupled to the switch and 

6 characterized by a first hop location; and 

7 a second feed path coupled to the switch and 

8 characterized by a second hop location. 

1 21. The power gating module of claim 20, wherein 

2 the switch is a ferrite switch. 
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1 22. The power gating module of claim 20, wherein 

2 the power gating signal is active based in part on the 

3 feed path selection of the first hop location or the 

4 second hop location. 

1 23. A power gated frame signal comprising: 

2 a single frame comprising at least a first header 

3 signal, a first payload signal, a second header 

4 signal, and a second payload signal, 

5 wherein at least one of the first header signal 

6 and first payload signal in combination, and the 

7 second header signal and second payload signal in 

8 combination is power gated. 

1 24. The power gated frame signal of claim 23, 

2 wherein the single frame further comprises at least 

3 one additional header signal, and at least one 

4 additional payload signal, and 

5 wherein at least one of the first header signal 

6 and first payload signal in combination, the second 

7 header signal and second payload signal in 

8 combination, and the additional header signal and the 
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9 additional payload signal in combination is power 

10 gated. 

1 25. The power gating module of claim 23, wherein 

2 the first header signal, the first payload signal, the 

3 second header signal, and the second payload signal 

4 are power gated. 

1 26. The power gating module of claim 23, wherein 

2 the first payload signal, the second header signal, 

3 and the second payload signal are power gated. 

1 27. The power gating module of claim 23, wherein 

2 the first header signal, the first payload signal, and 

3 the second payload signal are power gated. 
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Gated Power for a Satellite Hopped Downlink with 
Multiple Payloads Per Frame 

ABSTRACT OF THE DISCLOSURE 

A power gating module (200) for a downlink beam 
frame signal (402) includes a power amplifier (210) 
for amplifying for transmission frame signals that 
include at least a first header signal (418), a first 
payload signal (420), a second header signal (424), 
and a second payload signal (426). The power gating 
module (200) further includes a power gating circuit 
(300) coupled to the power amplifier (210) . The power 
gating circuit (3 00) includes a power gate input (318) 
and is responsive to a power gating signal to remove 
power from at least one of the first header signal 
(418) and first payload signal (420) in combination, 
and the second header signal (424) and second payload 
signal (426) in combination before amplification by 
the power amplifier (210) . 
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My residence, post office address and citizenship are as stated below next 
to my name, 

I believe I am the original, first and sole inventor (if only one name is 
listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent 
is sought on the invention entitled GATED POWER FOR A SATELLITE HOPPED 
DOWNLINK WITH ULTIPLE PAYLOADS PER FRAME the specification of which 

is attached hereto 



was filed on as Application Serial 

No. and was amended on 



(if applicable) 

fx hereby state that I have reviewed and understand the contents of the 
fabove identified specification, including the claims, as amended by any 
^amendment referred to above . 

I acknowledge the duty to disclose information which is material to the 
Jexamination of this application in accordance with Title 37, Code of 
iFederal Regulations, §1. 56(a). 

:=I hereby claim foreign priority benefits under Title 35, United States 
^Code, §119 of any foreign application (s) for patent or inventor's 
certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 

Prior Foreign Application (s) Priority Claimed 



NONE 

(Number) (Country) (Day/Mo. /Yr, Filed) Yes No 
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I hereby claim the benefit under Title 35, United States Code, §120 of any 
United States application (s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed m the 
prior United States application in the manner provided by the first 
paragraph of Title 35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of Federal _ 
Regulations, §1.56 (a) which occurred between the filing date of theprior 
application and the national or PCT international filing date of this 
application: 



NONE 



(Number) (Country) (Day/Mo. /Yr . Filed) (Status) 



I hereby appoint as principal attorneys: 

Robert W. Keller, Reg. No. 25,347 

Michael S. Yatsko, Reg. No. 28,135 
I Connie M. Thousand, Reg. No. 43,191 

f William M. Wesley, Reg. No. 26,521 

%ach with full power to prosecute this application, to transact all 
^business in the United States Patent and Trademark Office connected 
^therewith, and to appoint and revoke associate and substitute associate 
'^attorneys . 

hereby declare that all statements made herein of my own knowledge are 
■■^true and that all statements made on information and belief are believed to 
'^be true; and further that these statements were made with the knowledge 
^that willful false statements and the like so made are punishable by fine 
'or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the 
i validity of the application or any patent issued thereon. 

Address all telephone calls to: (310) 812-4910 



Address all correspondence to; 



PATENT COUNSEL 
TRW Inc . 

Space & Electronics Group 

One Space Park, E2/6051 

Redondo Beach, California 90278 
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